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(54) Measuring geometry of optical fibre coatings. 

fST) An apparatus (2) for measuring the geometry 
of an optical fibre (10) having at least one 
coating (101, 102), the apparatus comprising a 
container (6) for containing a coated optical 
fibre (10) in a fluid (8), means (12, 24, 26) for 
directing light transversely through the fibre 
(10) in the container (6) and means (22) for 
permitting light deviated at the coating inter- 
faces or surfaces (103, 104, 105) to exit the 
container (6) whereby the light can be detected 
by a light detecting means (28) by substantially 
dark field illumination. The invention also pro- 
vides a method of measuring the geometry of an 
optica! fibre (10) having at least one coating 
(101, 102), the method comprising the steps of: 
(a) disposing the coated optical fibre (10) in a 
fluid (8) ; (b) directing incident light transversely 
through the coated fibre (10) ; and (c) detecting 
transmitted light from the coated fibre (10) 
which is deviated at the coating interfaces or 
surfaces (103, 104, 105) so as to detect the 
coating(s) (101. 102) by substantially dark field 
^ illumination. 
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The present invention relates to an apparatus for 
and a method of measuring the geometry of optical 
fibre coatings. 

Optical fibres used in the transmission of data 
normally have one or more plastics coatings applied 
along their length during the manufacturing process. 
The coatings are required for three reasons:- mech- 
anical strength, protection from external agents, and 
the removal of light present near to the fibre edge 
which can interact with the information carrying light 
which travels in the central region of the fibre; A 
knowledge of the thickness and concentricity of the 
coatings applied is important in assessing the perfor- 
mance of optical fibres. 

In the prior art it is known to measure the geom- 
etry of optical fibre coatings by placing the fibre to be 
measured in a small container, or cell, consisting of 
parallel front and rear surfaces, or windows, which are 
made of a transparent material. The cell is filled with 
a transparent fluid having a refractive index similar to, 
but not the same as, the refractive index of the out- 
ermost coating of the fibre. The fibre is illuminated 
through the rear window and is observed through the 
front window. The presence of the immersion fluid en- 
ables the interfaces between the coatings and the in- 
terface with the glass fibre itself to be seen. The dis- 
tances between the layers are then measured using 
an optical microscope and by performing measure- 
ments at a series of different angular positions of the 
fibre, the coating diameters, non-circularities, and 
concentricities can be determined. 

The main disadvantage with this known method 
is that the image of the interfaces is neither sharp nor 
of high contrast. Thus locating their positions is diffi- 
cult and this leads to poor measurement repeatability. 

The present invention aims at least partially to 
overcome or alleviate these disadvantages. 

Accordingly, the present invention provides an 
apparatus for measuring the geometry of an optical fi- 
bre having at least one coating, the apparatus com- 
prising a container for containing a coated optical fi- 
bre in a fluid, means for directing light transversely 
through the fibre in the container and means for per- 
mitting light deviated at the coating interfaces or sur- 
faces to exit the container whereby the light can be 
detected by a light detecting means by substantially 
dark field illumination. 

Preferably, the light directing means comprises a 
prism for directing light onto the fibre. More prefer- 
ably, the prism comprises a rectangular block, having 
a rectangular end surface which is near or adjacent 
to the container through which light is directed onto 
the fibre, and an opposed bevelled end which, in use 
received collimated light along the axis of the rectan- 
gular block. 

The bevelled end may comprise two mutually in- 
clined bevelled surfaces which coincide at the axis of 
the rectangular block. 



The apparatus may further comprise a collimator 
for directing collimated light onto the bevelled end of 
the prism. 

The collimator preferably comprises a lens. 
5 The apparatus may further comprise a light 

source including an optical fibre which is adapted to 
direct light onto the collimator. 

In the preferred embodiment, the container, the 
prism, the collimator and the light source are support- 
to ed in line in a common housing. 

The present invention also provides a method of 
measuring the geometry of an optical fibre having at 
least one coating, the method comprising the steps 
of: 

15 a) disposing the coated optical fibre in a fluid; 

b) directing incident light transversely through 
the coated fibre; and 

c) detecting transmitted light from the coated fi- 
bre which is deviated at the coating interfaces or 

20 surfaces so as to detect the coating(s) by sub- 

stantially dark field illumination. 
Preferably, the incident light is refracted light 
which is directed through the coated fibre from a 
prism. 

25 More preferably, the incident light is split into two 

light paths by the prism and the two light paths cross 
at a location at which the fibre is disposed. 

Preferably, collimated incident light is incident on 
the prism, and the two light paths are each reflected 

30 at respective prism surfaces whereby the two light 
paths substantially cross at a location inside the 
prism. 

Preferably, at least one of the thickness and uni- 
formity of the at least one coating are detected by 
35 substantially dark field illumination. 

An embodiment of the present invention will now 
be described by way of example only with reference 
to the accompanying drawings, in which: 

Figure 1 is a schematic plan view of an apparatus 
40 for measuring geometry of optical fibre coatings 

in accordance with the present invention; 
Figure 2 is a sectional side view of the prism and 
container assembly of the apparatus of Figure 1 ; 
and 

45 Figure 3 shows the relationship between the 

structure of the optical fibre and the coatings 
thereon and an image printout which is obtain- 
able in accordance with the method of the pres- 
ent invention to measure the geometry of the opt- 
so ical fibre coating. 

Referring to Figures 1 and 2, an apparatus 2 for 
measuring the geometry of optical fibre coatings in- 
cludes a container 4 defining a reservoir 6 for receiv- 
ing a fluid, typically a liquid having a refractive index 
55 similar to, but not the same as, the refractive index of 
the outermost coating of the fibre to be tested. In use, 
an optical fibre 1 0 having one or more coatings to be 
tested is supported in the container by support means 
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(not shown) so that the fibre 10 is disposed vertically 
in an immersion fluid 8 at substantially the centre of 
the container4. Atypical fibre 1 0 to be tested is shown 
in Figure 3, the fibre 10 having a central cylindrical 
core 100. a first inner annular coating 101 and a sec- 
ond outerannular coating 102. The thicknessand uni- 
formity of each coating 101, 1 02 can be measured in 
accordance with the present invention. In the illustrat- 
ed embodiment, the container comprises a block of 
transparent material, for example glass or plastics. A 
prism 12 is integral with the container 4 and is corre- 
spondingly composed of transparent plastics or glass. 
The prism 12 has an end wall 14 which is planar and 
abuts the container 4 and the opposed end of the 
prism 1 2 consists of a bevel 16 comprised of a pair of 
mutually inclined bevelled surfaces 18. Typically, the 
angle of inclination between the inclined surfaces 18 
is from 50 to 60". The prism 1 2, apart from the bevel- 
led end 16. is preferably rectangular and has a square 
cross-section. The prism 12 has a pair of opposed 
parallel side faces 20 and at the light output end of the 
prism 12/container 4 assembly is a light output face 
22. An illumination source 24, comprising a remotely 
illuminated optical fibre and a collimator 26 compris- 
ing a lens are located near to the bevelled end 16 of 
the prism 12. A microscope objective 28 is located 
near to the light output face 22. The numerical aper- 
ture of the microscope objective 28 is typically around 
0.4. In Figure 1 the various components are illustrated 
as being separate but it will be apparent to the man 
skilled in the art that it would be possible for the illu- 
mination source 24, the collimator 26 and the prism 
12 to be mounted in a common housing, thereby fa- 
cilitating optical alignment. 

in use, the lightfrom the illumination source 24 is 
collimated by the collimator 26 and is incident on the 
bevelled end 16 of the prism 12. The incident parallel 
light 30 is split into two halves by the bevel so as to 
have two light paths 32 of substantially equal intensi- 
ty, with each half of the incident light being refracted 
by a respective bevelled face 18. The two light paths 
32 are subsequently reflected inside the prism 12 at 
the side faces 20. In the illustrated embodiment, the 
reflection is achieved by the phenomenon of total in- 
ternal reflection but in an alternative embodiment a 
reflective layer (not shown) may be applied to the side 
faces 20 if this is required depending on the optical 
characteristics of the prism. After such reflection the 
two light paths 32, each being of substantially colli- 
mated light, then cross each other at a location on the 
optical axis 34 of the prism 1 2, at which location the 
optical fibre 10 under test is positioned in the contain- 
er 4. The two light paths 32 then separate and exit the 
prism 1 2 through the light output face 22. The micro- 
scope objective 28 is employed to form an image of 
the optical fibre 10 which may be viewed directly or 
alternatively recorded electronically for computer 
analysis. 



The method and apparatus of the present inven- 
tion employ the technique of dark field illumination so 
as to produce an image of the coating interfaces 
which is both sharp and of high contrast. A typical im- 

5 age is illustrated in Figure 3. Since there is substan- 
tially dark field illumination of the optical fibre, the 
light being focused onto the reservoir6 containing the 
immersion fluid 8 and the optical fibre 10, the light is 
directed at an angle to the optical axis of both the 

10 prism 12 and the microscope aperture. The two light 
paths are incident on the microscope objective 28 at 
an angle to the optical axis of the microscope objec- 
tive 28 so that the light does not enter the microscope 
aperture to form an image unless the light has been 

15 deviated by the coated optical fibre. At the location 
where the optical fibre is present in the reservoir, the 
light paths are deviated at the coating interfaces 1 03, 
104 as a result of differences in refractive index be- 
tween the coating(s) 101, 102 and the central fibre 

20 100 and at the outer coating surface 105 as a result 
of a difference in refractive index between the coating 
1 02 and the fluid such that the deviated light can en- 
ter the microscope aperture and enable an image to 
be seen. Each image represents the position of an in- 

25 terface 1 03, 1 04 or surface 1 05 of a coating layer 101, 
102. The regions between the interfaces 103, 104 or 
outside the surface 105 however remain dark. This 
enables a high contrast image consisting of bright 
peaks corresponding to the interfaces and outer sur- 

30 face to be formed. Such an image is illustrated in Fig- 
ure 3, in which the peaks are shown corresponding to 
the interfaces 103, 104 and the surface 105 of the 
optical fibre 1 0 under test. The distances between the 
peaks can be measured either directly, for example 

35 mechanically by a measuring device incorporated in 
the microscope objective, or electronically so as to 
enable an accurate geometric measurement of the 
optical fibre coatings to be effected. 

40 

Claims 

1. An apparatus for measuring the geometry of an 
optical fibre having at least one coating, the ap- 

45 paratus comprising a container for containing a 

coated optical fibre in a fluid, means for directing 
light transversely through the fibre in the contain- 
er and means for permitting light deviated at the 
coating interfaces or surfaces to exit the contain- 
so er whereby the light can be detected by a light de- 
tecting means by substantially dark field illumin- 
ation. 

2. An apparatus according to claim 1 wherein the 
55 light directing means comprises a prism for di- 
recting light onto the fibre. 

3. An apparatus according to claim 1 wherein the 
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pnsm comprises a rectangular block, having a 
rectangular end surface which is near or adjacent 
to the container through which tight is directed 
onto the fibre, and an opposed bevelled end 
which, in use. receives collimated light along the 
axis of the rectangular block. 

4. An apparatus according to claim 3 wherein the 
bevelled end comprises two mutually inclined 
bevelled surfaces which coincide at the axis of 
the rectangular block. 

5. An apparatus according to claim 3 or claim 4 
wherein the apparatus further comprises a colli- 
mator for directing collimated light onto the bev- 
elled end of the prism. 
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formity of the at least one coating are detected by 
substantially dark field illumination. 

14. An apparatus for measuring the geometry of an 
optical fibre having at least one coating, the ap- 
paratus comprising a container for containing a 
coated optical fibre in a fluid, a prism for directing 
a pair of beams of collimated light transversely 
through the fibre in the container, a collimatorfor 
directing collimated light on to the prism, a light 
exit for permitting light deviated at the coating in- 
terfaces or surfaces to exit the container and a 
light detector for detecting the deviated light 
whereby at least one of the thickness and uni- 
ormity of the at least one coating can be meas- 
ured by substantially dark field illumination. 



An apparatus according to claim 5 wherein the 
collimator comprises a lens. 

An apparatus according to claim 5 or claim 6 
wherein the apparatus further comprises a light 
source including an optical fibre which is adapted 
to direct light onto the collimator. 



An apparatus according to claim 7 wherein the 
container, the prism, the collimator and the light 
source are supported in line in a common hous- 
ing. 

A method of measuring the geometry of an opti- 
cal fibre having at least one coating, the method 
comprising the steps of: 

a) disposing the coated optical fibre in a fluid; 

b) directing incident light transversely through 
the coated fibre; and 

c) detecting transmitted light from the coated 
fibre which is deviated at the coating interfac- 
es or surfaces so as to detect the coating(s) 
by substantially dark field illumination. 
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10. A method according to claim 9 wherein the inci- 
dent light is refracted light which is directed 
through the coated fibre from a prism. 

11. A method according to claim 1 0 wherein the inci- 
dent light is split into two light paths by the prism 
and the two light paths cross at a location at 
which the fibre is disposed. 

12. A method according to claim 11 wherein collimat- 
ed incident light is incident on the prism, and the 
two light paths are each reflected at respective 
prism surfaces whereby the two light paths sub- 
stantially cross at a location inside the prism. 

13. A method according to any one of claims 9 to 12 
wherein at least one of the thickness and uni- 
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